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Derivation of the Second-order Nonlinear Optical Susceptibility Tensors Assuming 
Trigonal (C3v) and Kleinman Symmetries 
 
The measured SHG (𝐼𝐼2ω) intensity using the setup described can be determined using:  

𝐼𝐼2ω ∝ |𝐽𝐽𝐸𝐸2ω|2 ∝ �𝐽𝐽 χ(2):𝐸𝐸𝜔𝜔 :𝐸𝐸𝜔𝜔�
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where 𝐸𝐸2𝜔𝜔  is the second harmonic field, 𝐸𝐸𝜔𝜔 is the fundamental electric field, 𝜒𝜒(2) is the second-
order electric susceptibility, and 𝐽𝐽 is the Jones matrix of the analyzer given by 

𝐽𝐽 =  � sin2 𝜙𝜙 𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙 cos2 𝜙𝜙

� 

For a structure having C3V symmetry about the Z axis the 𝜒𝜒(2)  tensor contains only four 
independent nonzero elements 𝜒𝜒𝑍𝑍𝑍𝑍𝑍𝑍

(2) , 𝜒𝜒𝑋𝑋𝑋𝑋𝑍𝑍
(2) =  𝜒𝜒𝑋𝑋𝑍𝑍𝑋𝑋

(2) =  𝜒𝜒𝑌𝑌𝑍𝑍𝑌𝑌
(2) = 𝜒𝜒𝑌𝑌𝑌𝑌𝑍𝑍

(2) , 𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋
(2) = 𝜒𝜒𝑍𝑍𝑌𝑌𝑌𝑌

(2) , 𝜒𝜒𝑋𝑋𝑋𝑋𝑋𝑋
(2) =

−𝜒𝜒𝑋𝑋𝑌𝑌𝑌𝑌
(2) = −𝜒𝜒𝑌𝑌𝑌𝑌𝑋𝑋

(2) = −𝜒𝜒𝑌𝑌𝑋𝑋𝑌𝑌
(2) . Now using 𝐸𝐸𝜔𝜔 ∝ �𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠� we obtain the following. 

𝐼𝐼2ω ∝ �
𝜒𝜒𝑍𝑍𝑍𝑍𝑍𝑍

(2)

𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋
(2) cos2 𝜃𝜃 𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙 +

𝜒𝜒𝑋𝑋𝑋𝑋𝑋𝑋
(2)

𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋
(2) sin2 𝜃𝜃 𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙 +

𝜒𝜒𝑋𝑋𝑋𝑋𝑍𝑍
(2)

𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋
(2) 𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙 + sin2 𝜃𝜃 𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙�
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where 𝜒𝜒𝑍𝑍𝑍𝑍𝑍𝑍
(2) /𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋

(2)  is expressed as 𝜌𝜌 and 𝜒𝜒𝑋𝑋𝑋𝑋𝑋𝑋
(2) /𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋

(2)  is expressed as 𝑆𝑆. We additionally assume 
that 𝜒𝜒𝑋𝑋𝑋𝑋𝑍𝑍

(2) = 𝜒𝜒𝑍𝑍𝑋𝑋𝑋𝑋
(2) , similar to previous researchers [1]. 
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Larger View of PIPO SHG Analysis of Normal Gastric Tissue Demonstrating 𝝆𝝆 and 𝑺𝑺 

 

Fig. S1. Enlarged Figure 2a-e for 1-3 from the paper. The scale bar in a1-a3 represents 25 μm. 

  



PIPO SHG Analysis of Cancerous Gastric Tissue Demonstrating 𝝆𝝆 and 𝑺𝑺 

 

Fig. S2. Enlarged Figure 2a-e for 4-6 from the paper. The scale bar in a4-a6 represents 25 μm. 

 
  



PIPO SHG Analysis of Gastric Tissue Demonstrating κ and DOLP 
 

 

Fig. S3. PIPO SHG analysis of gastric tissue in patients diagnosed with adenocarcinoma. 
Normal gastric tissue from patients who were diagnosed with poorly differentiated 

adenocarcinoma (PDA, a1-e1), moderately differentiated adenocarcinoma (MDA, a2-e2) and 
well differentiated adenocarcinoma (WDA, a3-e3) as well as tumor tissue diagnosed as PDA 
(a4-e4), MDA (a5-e5) and WDA (a6-e6) from the same patients. A simple summation of 65 
SHG logarithmic intensity images (a1-a6). Color-coded maps of the fitted κ values (b1 – b6) 
and occurrence frequency histograms of the κ values (c1 – c6). Color-coded maps of DOLP 

values for fitted pixels (d1 – d6) and occurrence frequency histograms of the DOLP values (e1 
– e6). The scale bar in a1-a6 represents 25 μm. 

 

  



Larger View of PIPO SHG Analysis of Normal Gastric Tissue Demonstrating κ and 
DOLP 

 

Fig. S4. Enlarged Figure S4a-e for 1-3. The scale bar in a1-a3 represents 25 μm. 

 

  



Larger View of PIPO SHG Analysis of Cancerous Gastric Tissue Demonstrating κ and 
DOLP 

 

Fig. S5. Enlarged Figure S4a-e for 4-6. The scale bar in a4-a6 represents 25 μm. 

 

  



Numerical Simulations of 𝝆𝝆  and |𝑺𝑺|  versus the Angle Between Two Intersecting 
Cylindrically Symmetric Structures with Identical Diameters 

 

Fig. S6. Numerically simulated PIPO SHG datasets fitted with Eq. 2, revealing 𝜌𝜌 (a) and |𝑆𝑆| (b, c) values 
of intersecting cylindrically symmetric structures versus the angle between the two structures. Graphs a, b 

and c depict two cylindrically symmetric structures with the same diameter as a function of crossing 
angle, with diameters ranging between 100 and 500 nm. Note that the inset graph labeled c is the same 

graph as b with zoomed-in y-axes to show the oscillation in |𝑆𝑆|.  



Numerical Simulations of 𝝆𝝆  and |𝑺𝑺|  versus the Angle Between Two Intersecting 
Cylindrically Symmetric Structures with Differing Diameters 

 

Fig. S7. Numerically simulated PIPO SHG datasets fitted with Eq. 2, revealing 𝜌𝜌 (a, c, e) and 
corresponding |𝑆𝑆| (b, d, f) values of intersecting cylindrically symmetric structures versus the 
angle between the two structures. Graphs depict two cylindrically symmetric structures with 
different diameters as a function of crossing angle, with diameters ranging between 100 and 

500 nm.  



Data Set 1: Polarization-in, Polarization-out (PIPO) SHG Data for Cancerous and 
Normal Tissues 

 

Fig. S8. A montage of PIPO SHG images of PDA normal (Fig. 1a1 in the paper). In total, 65 are collected at varying 
polarizer and analyzer angles. 

 

Fig. S9. A montage of PIPO SHG images of MDA normal (Fig. 1a2 in the paper). In total, 65 are collected at varying 
polarizer and analyzer angles. 



 

Fig. S10. A montage of PIPO SHG images of WDA normal (Fig. 1a3 in the paper). In total, 65 are collected at 
varying polarizer and analyzer angles. 

 

Fig. S11. A montage of PIPO SHG images of PDA (Fig. 1a4 in the paper). In total, 65 are collected at varying 
polarizer and analyzer angles. 



 

Fig. S12. A montage of PIPO SHG images of MDA (Fig. 1a5 in the paper). In total, 65 are collected at varying 
polarizer and analyzer angles. 

 

Fig. S13. A montage of PIPO SHG images of WDA (Fig. 1a6 in the paper). In total, 65 are collected at varying 
polarizer and analyzer angles. 

 


